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I AMé

Â The B.M. Durst You See in the 
Literature

ÂI Go by ñMikeò

Â I Was the Last Certified/Qualified Senior 
Experimenter at the Pacific Northwest 
National Laboratory CML



THIS ISé

Â A Dubious Title in That There Were 
Only a Half-dozen Like Me at Battelle 
and Only Another Handful of Us in the 
History of the Entire CML DOE Complex

Â It Taught Me to Look at the CML or for 
That Matter Any CML in a Different Way 



I am Here Today Toé..

Â Re-Introduce you again to the 
ñAnomalies of Criticalityò 

Â I do this because I believe it is one of 
the very best primers on criticality and 
should be included in all Criticality 
Training Programs as ñMustò reading



In facté.

Â It is already included in most training 
programs as suggested reading

Â DOE-STD-1135 -99, ñGuidance for 
Nuclear Criticality Safety Engineer 
Training and Qualificationò 
references it as one way to acquire 
knowledge about criticality accidents 
and critical experiments in general



Why is it such a special 
document?

Â As an experimenter, I came to appreciate the 
subtleties of taking things critical.

Â There were some basic safety rules that were always 
applied.  

Â When actually going critical, every effort was taken 
to ensure adequate safety measures were in place to 
protect you as an experimenter and of course the 
public.

Â In a sense, ñAnomalies of Criticalityò is a 
condensation of tens of thousands of experimental 
results on all kinds of critical systems over a fifty year 
period of time.



Why As A Criticality Analyst Do 
you Need to Know about 
ñAnomalies?ò 

Â On a daily basis you define limits and 
specifications for the safe handling of 
materials in your facility

Â You need to know that sometimes, ñThings 
arenôt as expectedò

Â If you will learn to appreciate this, you will 
build into your evaluations and documents 
better controls for your materials.

Â You will avoid the miss-cues of others. 



Anomalies of Criticality ïIts 
Genesis

Â The original document (Rev.0) was issued in 
1974 by E. D. (Duane) Clayton, then manager 
of the Battelle Critical Mass Laboratory

Â This was vital to the Hanford mission of 
extracting plutonium and uranium from the 
reprocessed production reactor fuels.

Â We used it in our experimental planning in 
our establishing the safe bases for our 
materials storage.



Whatôs new in revision 6?

Â Physical characteristics of the actinides

Â Safety Implications of Anomalous effects 
of neutron absorbers on criticality

Â Interstitial moderation and its importance 
to criticality

Â Geometry effects

Â Universally safe containers

Â Super-heavy elements and an island of 
stability beyond Californium



To Appreciate ñAnomaliesé.ò

Â You must first understand the process 
of taking things critical

ÂLetôs take a short walk through my early 
life as an experimenter.



Â



THE CAPABILITIES AND 
LEGACYé.

ÂThe CML Collected Much of the Worldôs 
Data on Plutonium Solutions

- Tens of Thousands of Critical, Delayed 
Critical and a Few Sub-critical Experiments 
Conducted

- All Different Types of Geometries

- Both Heterogeneous and Homogeneous 
Data

- Poisoned and Non-poisoned Systems



THE CAPABILITIES AND 
LEGACYé (conôt)

Â Types of Experimental Data Collected: 
Solution Hood

- Pu Solutions, Multiple Ranges of 
Concentrations and 240 Content

- Highly Enriched Uranium Solutions

- U-233 Solutions

- Worldôs Largest Solution Critical Experiment 
(The Eta Sphere)

- Solid and solution mixtures: You Name the 
Shape and We Did It



THE CAPABILITIES AND 
LEGACYé (conôt)

Â Split Table Data:

- Pu Blocks (Metal, Oxide, Varying 
Concentrations and 240 Content)

- U-233 Solutions in Small Bottles

- Pu Solutions in Bottles

Â Interacting Array Assembly Data:

- Clusters of Fuel Rods: Different Pitch, Fuel 
Type and Reflectors

- Solid and Liquid Poisoned Systems

- Pu or Uranium Systems



THE CAPABILITIES AND 
LEGACYé (conôt)

Â Subcritical Portable Systems Data:

- - Cask Keff

- - N Reactor Fuel Cluster Keff vs.B/u

- - Keff for both Pu and U Systems as a 
Function of Approach to Critical 

- - Cribs/boreholes in 200 E & W Areas



The experiments were conducted 
in an Experimental Facility 
Thaté.

Â Was a Rectangular Facility, Housing A 35 x 35 
Ft. Critical Assembly Room, a Supplemental 
Chemical Mixing and Storage Area, and an 
Admin. Section

Â The Cell Had Concrete Walls of Reinforced 
Concrete 5 ft. Thick.

Â On One Side Was a Three-foot Thick Access 
Door For Entry of Large Equipment



INSIDE THE CRITICAL ASSEMBLY ROOMé

Â There Were Five Major Areas for 
Conduct of Experiments

- The Solution Critical System

- The Remote Split Table Machine System

- The Assembly for Interacting Arrays

- The Interacting Solutions Tank

- A Fifth System, a Subcritical Measurement 
System Was Portable



Outside the Room and in 
the Mixing Areaé

Â Solution Slab Tanks and Mixing Hoods 
Were Housed in the Mix Room

Â Slab Tanks Were Designed Based on 
Initial Lab Critical Experiments

Â Many of These Concepts Are Universally 
Used in the Industry Today
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